IMPORTANCE Oral cavity squamous cell carcinoma (OCSCC) is associated with often-delayed clinical diagnosis, poor prognosis, and expensive therapeutic approaches. Prognostic accuracy is important in improving treatment outcomes of patients with this disease.
O ral squamous cell carcinoma (OSCC) portends high rates of mortality and cervical lymph node metastasis. 1 Treatment of OSCC includes upfront surgical resection of the primary tumor with appropriate neck dissection, followed by postoperative radiotherapy with or without chemotherapy in the presence of adverse histopathologic features. [2] [3] [4] [5] Even with trimodality therapy, the prognosis of OSCC remains poor. 6 The current lack of specific molecular markers and biomarkers for OSCC underscores the importance of prognostic accuracy in improving treatment outcomes. In addition, substantial advancements in technology and increasing sophistication of surgical and radiotherapy treatments have been achieved, which calls for a reevaluation of disease and survival outcomes among the milieu of evolving management and changing cancer epidemiologic aspects.
The primary purpose of our study was to assess institutional outcomes of patients with locally advanced OSCC. We evaluated various prognostic variables in association with survival, including the emerging lymph node ratio (LNR), defined as the ratio of positive lymph nodes to total number of lymph nodes excised, which has been reported to convey a superior prognostic accuracy for survival outcomes. [7] [8] [9] We also examined the influence of socioeconomic factors, such as race, sex, and insurance status, and patient behavioral characteristics, such as tobacco and alcohol use, on survival outcomes.
Methods

Study Design and Patient Eligibility
We reviewed the electronic medical records of 207 patients with a biopsy-proven diagnosis of oral cavity cancer (OCC) who received either curative-intent surgery or postoperative radiotherapy with or without chemotherapy at the University of Colorado Hospital in Denver between January 1, 2000, and December 31, 2015. Data analysis was performed from December 8, 2017 , to August 15, 2018 . Patient, histopathologic, and treatment-related variables were collected, and an OCC database was established. Patients with OCC as a second primary, distant metastases at the time of diagnosis, radiotherapy and/or chemotherapy without upfront surgery, a history of prior treatment for a malignant tumor of any head or neck site, or tumors of non-squamous cell carcinoma histologic characteristics were excluded from the study (n = 58). A total of 149 patients with a diagnosis of primary oral cavity squamous cell carcinoma (OCSCC) were identified and constituted the study sample. All patients had surgical resection of a primary OCSCC lesion. Neck dissection at the time of surgery and/or adjuvant radiotherapy or chemoradiotherapy was individualized for patients as determined by the treatment team. The National Comprehensive Cancer Network guidelines were followed for adjuvant radiotherapy. 2 The year of di- 
Patient Demographic and Behavioral Characteristic Variables
Binary categorization was adopted for sex (male or female) and race (white or nonwhite as self-reported by each patient). Age at diagnosis was categorized as 60 years or younger and older than 60 years. Tobacco use was grouped as never smokers, 10 pack-years or less, and more than 10 pack-years. Alcohol use was categorized as 7 or less and more than 7 drinks per week. The overall severity of comorbidity for each patient was scored on a scale of 0 to 3 (0, none; 1, mild; 2, moderate; 3, severe), using the Adult Comorbidity Evaluation-27 (ACE-27). 10 Insurance status was categorized as private, Veterans Affairs/Tricare, Medicaid or uninsured, and Medicare. 
Histopathologic Analysis and Variables
Lymph Node Ratio
The lymph node ratio (LNR) is defined as the number of positive lymph nodes divided by the total number of lymph nodes excised, regardless of the extent of neck dissection. Based on the median LNR value of 0.09, an LNR cutoff value of 10% was selected to stratify patients into roughly equal-sized groups.
Key Points
Question What is the prognostic association between lymph node ratio and tumor recurrence and survival outcomes of oral cavity squamous cell carcinoma and how does it relate to other histopathologic prognostic factors?
Findings In this single-institution study of 149 patients with oral cavity cancer who received upfront surgery, lymph node ratio was the strongest independent prognostic factor for overall, disease-free, and distant metastasis-free survivals, regardless of neck dissection or postoperative adjuvant therapy status. Lymph node ratio was also found to correlate significantly with other adverse pathologic features.
Meaning Lymph node ratio may have implications for risk stratification and treatment intensification in patients with oral cavity squamous cell carcinoma.
Study End Points
The primary end points were overall survival (OS), diseasefree survival (DFS), locoregional disease-free survival (LRDFS), and distant metastasis-free survival (DMFS). The secondary end points were to validate the prognostic association between LNR and OS, DFS, LRDFS, and DMFS and explore the association of LNR with other histopathologic features.
Statistical Analysis
All survival measures (OS, DFS, LRDFS, and DMFS) were defined as the number of months from the date of diagnosis to the event of interest. Patients who had local recurrence or regional lymph node metastasis without evidence of distant metastasis during their follow-up visits until their last oncologyrelated office visit were considered to have locoregional-only failure, whereas patients who had distance metastasis without evidence of local or regional failures were reported as having distant metastasis-only failure. Both locoregional and distant recurrence were considered events in DFS. For all recurrence-related measures, patients who died without recurrence were censored. We used the Kaplan-Meier method to produce survival curves and test for univariate differences in survival using the log-rank test, and used Cox proportional hazards modeling to obtain univariate and multivariate hazard ratios (HRs). Only covariates with less than 10% missing values were considered for multivariate analyses (MVAs). From these, we selected covariates with either an overall log rank P value <.10 or any class-level P value <.10 in univariate survival analysis to include in multivariate Cox proportional hazards models. If several multivariate models were evaluated, we compared the Akaike information criterion values to select the better fitting model. We used χ 2 tests to assess univariate associations with categorical characteristics, such as lymph node involvement. We report the Cramer V statistic (range, 0 [no correlation] to 1 [strong correlation]) as a measure of association, with 95% CI calculated using bootstrapping. Bootstrapping was performed using Stata, version 15 (StataCorp), and remaining analyses were performed using SAS, version 9.4 (SAS Institute Inc). We defined tests with 2-sided P < .05 as significant. 
Results
Patient and Treatment Characteristics
Patterns of Failure and Survival Outcomes
The median follow-up, measured from the end of treatment until last oncology-related follow-up, was 20 months (range, 0-137 months) for all patients and 34.5 months (range, 0-137 months) for surviving patients. Estimated 2-and 5-year OS survival rates were 70.4% (95% CI, 62.1%-77.3%) for 2 years and 40.4% (95% CI, 31.3%-49.3%) for 5 years (Figure, A). Estimated DFS was 58.9% (95% CI, 49.6%-67.1%) for 2 years and 48.7% (95% CI, 38.6%-58.0%) for 5 years (Figure, B ). An estimated 70.7% (95% CI, 61.4%-78.1%) of patients were free from locoregional recurrence at 2 years and an estimated 57.7% (95% CI, 46.6%-67.2%) at 5 years (Figure, 
Prognostic Factors by Survival Outcomes
In the univariate analysis ( 
Correlation of LNR With Histopathologic Factors
Correlation analysis between LNR and other histopathologic factors (eTable in the Supplement) revealed that LNR was strongly associated with N category (Cramer V, 0.69; 95% CI, 0.58-0.78), ECE (Cramer V, 0.55; 95% CI, 0.44-0.66), and LVSI (Cramer V, 0.46; 95% CI, 0.27-0.61). Moderate associations were also identified between LNR and the number of LNs dissected (Cramer V, 0.24; 95% CI, 0.06-0.37), margin (Cramer V, 0.22; 95% CI, 0.05-0.38), and tumor thickness/depth of invasion (Cramer V, 0.25; 95% CI, 0.05-0.38).
Discussion
Oral cavity squamous cell carcinoma is a heterogeneous group of head and neck cancers whose prognosis depends on diverse patient-, disease-, and treatment-related factors. Our data identified various demographic and disease characteristics implicated in survival outcomes of patients with OCSCC. Significant disparities among racial groups have been reported in recently published analyses, with nonwhite patients having worse outcomes both in OS and in disease-specific survival than white patients with 14 Consistent with these studies, our data revealed that being nonwhite was associated with a greater than 2-fold increased risk of locoregional recurrence and death from OCSCC. The narrow 95% CI of our finding further supports the strong prognostic significance of race for both locoregional recurrence and OS. Age at diagnosis is also often considered an independent predictor of survival outcomes. 9, 15 Our findings, however, did not
show an increased risk of death among older patients as previously reported. This discrepancy is likely because these patients, despite their older age or advanced disease, were treated with multimodality therapy. In addition, in the setting of increased OCSCC in women, 16 the role that sex plays in survival outcomes has yet to be validated. 17, 18 Our data, although not demonstrating significant sex disparity in OS, DFS, or LRDFS, revealed a strong correlation between women and a more than 2.5-fold increased risk of distant metastasis that warrants further evaluation. Medical comorbidities have been suggested to affect survival of patients with head and neck cancers. 19, 20 The severity of comorbidities was not shown to have an independent association with survival in our analyses. However, with most patients in our cohort having an ACE-27 score of 2, an appreciable association remained, with narrow 95% CIs showing a decrease in OS with increasing comorbidity severity. The clinical relevance of comorbidity severity may need to be taken into consideration in treatment planning in addition to the traditional TNM classification. 3, 4 Based in part on these landmark trials, many centers today have adopted trimodality therapy consisting of surgery with adjuvant chemoradiotherapy for advanced-stage OCC, particularly in those with pathologically high-risk features, defined as ECE or positive surgical margins. Our data showed a 2.30-and 2.50-fold increase in risk of distant metastasis in the presence of ECE and positive margins, respectively, supporting their prognostic importance in distant disease control. A major finding of our analyses is the association between LNR and survival outcomes. There is growing evidence that LNR is superior to the traditional nodal staging system in predicting outcomes in OCSCC. [7] [8] [9] We found that LNR was the most salient prognostic factor for OS and DFS, with a high LNR independently predicting more than a 2.5-fold increased risks of death and disease recurrence. The association between a high LNR and DMFS was also evident, with a 6-fold increased risk of distant metastasis, although the precision of such a conclusion may be limited owing to its relatively wide 95% CI. Further studies with a larger sample size may help to assess the degree of influence of LNR on distant metastasis more accurately. Similar to the previous studies, 26 we also found LNR to be correlated with adverse pathologic features, such as ECE, LVSI, advanced N category, positive margins, and tumor thickness/depth of invasion. Our findings therefore join those of numerous other analyses suggesting the superiority of LNR to the conventional nodal staging in predicting outcomes. [7] [8] [9] [27] [28] [29] [30] [31] At present, the updated TNM staging system does not incorporate LNR into risk stratification, 32 nor does the National Comprehensive Cancer Network factor LNR into treatment recommendations. 2 By current guidelines, intensification of adjuvant therapy remains indicated only in the setting of ECE or positive margins. 2 Although the nodal staging system incorporates the raw number of positive nodes dissected, the nodal sampling procedure is frequently overlooked. Multiple institutional, multi-institutional, and international analyses 7, 8, [27] [28] [29] [30] [31] 33 have provided a growing body of evidence that LNR independently identifies patients at high risk for disease recurrence and mortality, raising the possibility of incorporating LNR into risk-stratification schema and into the selection of adjuvant therapies. Further research may involve the development of surgical and pathologic quality metrics for proper assessment of LNR and the testing of metrics in prospective trials for establishing LNR as a prognostic or predictive factor.
Limitations
Our study contains limitations inherent to a retrospective analysis, including a relatively small sample size and selection bias. Other limitations may stem from unmeasured confounders and the inclusion of heterogeneous tumor subsites, varied tumor stages, and diversified radiotherapy and chemotherapy regimens in terms of such factors as dosage, agents, and timing. In addition, during the 2 decades of our study period, the sophistication of diagnostic imaging increased; surgical techniques, especially for reconstruction, have changed, the use of chemotherapy has become more common, and the radiotherapy technique has evolved. In our analysis, it was not possible to isolate all of the variables that could influence outcome. In addition, although the LNR cutoff value of 10% is in line with values used in other studies, which have ranged from 4.8% to 16%, 33 the 10% level was specific to the data set of our institution and thus may limit its generalizability.
Conclusions
Our institutional outcomes showed that locoregional failure remained the predominant pattern of failure for OSCC. We identified variables associated with survival and disease control that may be hypothesis generating for treatment intensification given the current lack of specific biomarkers for prognosis. In particular, LNR served as a possible robust predictor of survival outcomes and warrants consideration in prospective studies aimed at determining optimal risk stratification and treatment strategies for adjuvant therapy for this disease. 
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